Fusion Injection of Rous Sarcoma Virus Proteins into Rous Sarcoma Virus-transformed, Non-producing Hamster Cells Causes Release of
Infectious Virus (Accepted 4 March 1982) SUMMARY Purified virus proteins from transformation-defective (td) mutants of Rous sarcoma virus PrA or PrB were trapped in human erythrocyte ghosts which, after resealing, were fusion-injected into hamster RBH cells or rat TWERC cells. These cell lines are non-productively transformed by subgroup C Rous sarcoma virus. After fusion injection the hamster RBH cells released transforming subgroup C Rous sarcoma virus. No infectious virus could be rescued from rat TWERC cells. Since previous experiments have shown that fusion injection of the purified Rous sarcoma virus protein p15 into hamster RBH cells caused cleavage of the precursor protein pr76 to form the virus group-specific antigen (gag) but did not induce infectious virus, we conclude that in addition to p 15 other virus proteins are required to induce virus rescue in hamster RBH cells.
Avian sarcoma viruses (ASV) productively infect and transform avian fibroblast cells in culture. Mammalian cells are only non-productively infected and transformed by ASV, although minute amounts of virus group-specific antigen (gag) can be detected in the form of their precursor protein pr76 (Eisenman et al., 1974; Aupoix & Vigier, 1976) . When such ASV-transformed mammalian cells were co-cultivated or fused with uninfected chicken embryo fibroblasts, virus is rescued and released (Svoboda & Hlozanek, 1970; Svoboda et al., 1971 Svoboda et al., , 1977 Steimer & Boettger, 1977) , but the molecular mechanism of this process is not fully understood. The protein precursor pr76 is not detectably cleaved in ASVtransformed mammalian cells (Svoboda et al., 1977; von der Helm et al., 1980) , presumably because no free protein p15 (the precursor of the virus protease that causes processing) is present. Recently, we have shown (vonder Helm et al., 1980) that fusion injection of purified p15 into ASV-transformed hamster and rat cells led to cleavage of the pr76 precursor protein but did not cause release of detectable amounts of infectious virus from these cell lines. In this paper we demonstrate that infectious transforming Rous sarcoma virus (RSV, subgroup C) can be rescued if all the virus proteins instead of only p 15 are injected.
As recipient cells we used the same cell lines in which we had previously demonstrated the cleavage of pr76 upon fusion injection of p15 (vonder Helm et al., 1980) , i.e. the virogenic hamster RBH cell (Svec et al., 1970) and the non-virogenic rat TWERC cell (Simcovic, 1972) , both transformed by ASV of subgroup C. As a source for the injected virus proteins we used RSV PrA (td) or RSV PrB (td), both transformation-defective mutants which have a subgroup different from the virus genome to be rescued (subgroup C). Thus, any released virus of subgroup C could not be due to simple complementation of the injected virus proteins. The virus proteins to be injected were purified in 0.5 % Nonidet P40 (NP40) on a Bio-Gel P60 column (Bio-Rad) as described previously (vonder Helm et al., 1980) . In some experiments virus proteins were used which were obtained by disruption of highly purified virus in NP40 (0.5 %). They contained p 12, p 15, p 19, p27, and gp85, the typical virus protein pattern, when analysed by SDS-polyacrylamide gel electrophoresis (results not shown). The protein preparations were alcohol-precipitated and dialysed at 4 °C in dialysis thimbles 0022-1317/82/0000-5020 $02.00 © 1982 SGM Table 1 
. Appearance of infectious A S V B 77 subgroup C after fusion injection ofR S V proteins
Appearance of foci on chick embryo fibroblasts, infected Time after fusion injection when with the supernatant medium, the supernatant medium was on days harvested from the fusion-injected r ~" RBH cells (h) 5-10 10-15 15-20
* Foci counted on 10 7 chick embryo fibroblasts: +++, _>10 loci; ++, 3 to 9 foci; +, 1 to 2 loci; -, no loci.
(Ultra-Thimbles, UH100/10, Schleicher & Schfill, Dassel, F.R.G.) for 5 days in order to reduce the detergent concentration. All protein preparations were u.v.-inactivated in order to completely destroy infectivity and to sterilize the solution. The possibility of infectious virus remaining in the protein solution was checked by incubation with chicken embryo fibroblasts but none was found. Human erythrocytes were prepared from fresh human blood and prepared for loading with protein as described previously (vonder Helm et al., 1980) . Two dialysis thimbles were each filled with 5 × 108 erythrocytes (corresponding to about 0.05 ml packed cells), 300/A RSV PrA protein (250 #g) (or RSV PrB protein; 136 /~g) and 14 gl cytochrome c (0-5 mg/ml) dissolved in reversed phosphate-buffered saline (PBS), i.e. PBS in which the concentrations of KC1 and NaC1 were reversed (von der Helm et al., 1980) . For control purposes six dialysis thimbles were prepared similarly but without virus protein ('mock loading'). The conditions of dialysis and subsequent washings were identical to those described previously (vonder Helm et al., 1980) . Each suspension of 5 × 108 erythrocyte ghosts was added to two tissue culture flasks (Falcon, 25 cm 2, coated with poly-o-lysine, mol. wt. 70000, 0.1 mg/ml, for 10 min at room temperature) in which 6 × 106 attached growing RBH cells had been cultivated in standard medium (yon der Helm et al., 1980) and rinsed twice with Ca 2+, Mg2+-free PBS. The tissue culture flasks were taped on to the adaptors of a swing-out rotor and the loaded erythrocyte ghosts were centrifuged on to the attached RBH cells at room temperature for 10 min at 1900 g. The supernatant of each flask was then carefully withdrawn, replaced by 4 ml 50% (w/v) polyethylene glycol (PEG 4000; Roth, Karlsruhe, F.R.G., in Ca 2+, MgE+-free PBS pH 7.9). After incubation for 60 s at room temperature the cells were washed with Ca 2+, MgE+-free PBS pH 7.9, and further incubated in the same buffer for 30 min at 37 °C. Thereafter, the ceils were cultivated at 37 °C in standard medium containing gentamicin (50/~g/ml). At different time intervals, 5 to 93 h after this fusion event (Table 1) , the medium supernatant of fusion-injected and mock-injected RBH cells was harvested, filtered through Millipore filters (0.2/~m pore size) and transferred to freshly trypsinized, exponentially growing chick embryo fibroblasts (in the presence of 2 ~tg/ml polybrene) and analysed for focus formation. After 9 to 14 days the first foci appeared on chick embryo fibroblasts (Table 1) . The supernatant fluids from these cells were analysed in an interference test in order to determine the subgroup of the released virus (Table 2) . We found that all RSV released from foci formed on chick embryo fibroblasts after fusion injection of RBH cells had subgroup C, and was therefore indistinguishable from the B77 ASV which had been used to establish the RBH cell line (Svec et al., 1970) . Thus, (Table 1) . Subsequently, focus assays of these stocks were performed on chick embryo fibroblasts, uninfected or infected with avian leukosis viruses of subgroup A (Rous-associated virus type 1, RAV-1), subgroup B (RAV-6), subgroup C (RAV-49) and subgroup D (RAV 50).
"~ For the purpose of simplicity: + + +, > 100 foci/plate; +, > 10 foci/plate; -, no foci.
complementation by means of the injected virus glycoproteins of RSV subgroup A or B can be excluded. In two out of four experiments one focus was found in mock control cultures of chick embryo fibroblasts infected with supernatant fluids which had been withdrawn after 49 and 28 h respectively from mock-injected RBH cells. The frequency of this spontaneous virus release is about two orders of magnitude lower than the frequency found after fusion injection of virus proteins (see Table 1 ). A rare spontaneous ASV release from RBH cells had previously been observed by Aupoix & Vigier (1976) . From our results it is evident that only a minor fraction of the fusion-injected RBH cells released RSV subgroup C. We estimated that the supernatant fluids were taken from about 3.6 x 105 fusion-injected RBH cells per tissue culture flask. In control experiments using human serum albumin labelled with fluorescein isothiocyanate (vonder Helm et al., 1980) for fusion injection, we determined a fusion frequency of erythrocyte ghosts with RBH cells of about 10%. In addition 30% of the RBH cells were lost due to washing after the PEG-mediated cell fusion. About 90% of the RBH cells survived as estimated by reaction with trypan blue 5 h after the fusion injection. Observations in the light microscope showed that, on average, I to 2 erythrocyte ghosts were bound to about 20% of all RBH cells after treatment with PEG. We calculated that each fusion-injected RBH cell received, on average, only about 10 -13 g RSV which corresponds theoretically to about 1 x 10 4 molecules of virus protein. We do not know, however, how much of the denatured virus proteins could resume their native functions after removal of the detergent nor do we know whether inactive proteins might hamper virus rescue. We conclude from our results that the B77 genome can be rescued from RBH hamster cells by fusion injection of total virus proteins taken from RSV PrA (td) or RSV PrB (td). In contrast to this successful virus release from RBH cells, the rat TWERC cells could not be induced to release RSV subgroup C, This failure cannot be due to a lower fusion frequency of rat TWERC cells with loaded erythrocyte ghosts because in previous experiments with rat TWERC cells (vonder Helm et aI., 1980), we had found an even higher fusion frequency (50%) than with RBH cells; neither can it be due to an insufficient precursor cleavage since pr76 was cleaved as well in both RBH and TWERC cells upon fusion injection of p15, as shown in our previous work (vonder Helm et al., 1980) . These results may reflect the fact that the TWERC cells are non-virogenic in contrast to RBH cells and corroborate the hypothesis that the virus in rat TWERC cells is not rescuable due to defects in the virus genome (Svoboda et aL, 1971) . Table 1 show that virus release occurred between 18 and 93 h after fusion injection and appeared to decrease towards the end of this time interval. The kinetics have not been extended to longer times. We found, however, that fusion-injected cells did not release any more virus after 7 days (results not shown). We assume that the injected proteins which induced the virus release had been turned over intracellularly.
The data in
We conclude from the results of this study and our previous investigation (von der Helm et al., 1980) that more than the virus protein p15 is required to induce virus rescue. Future studies using different combinations of the fractionated RSV proteins may lead to the identification of the proteins active in RSV rescue. At present, we cannot offer an explanation for the molecular mechanism which determines rescue of the infectious virus; clearly, p15 plays an essential role, but apparently other virus proteins are also important. It could be speculated that those factors which have been postulated (Svoboda et al., 1971; Vigier, 1972) to be required for induction of avian virus from transformed, non-producing mammalian cells might have similar function(s) as the injected virus proteins.
